Executive dashboards are systems that provide business intelligence to company executives and managers by presenting data from a wide variety of sources in ways that support effective monitoring and decision making. They are linked to a company's data warehouses or other sources of data from operations, finance, marketing, and other domains and thus must provide visualizations that allow users to comprehend what can be an enormous quantity of data. In order to do so, the designer must consider many of the formats that have been identified in human factors practice to support various kinds of data and tasks. Many executive dashboards include capabilities to aggregate data from multiple sources, drill down to examine specific data, analyze historical or conceptual trends, and other functionality. These added capabilities add a significant amount of complexity to the design that must be addressed carefully. Users are often experts in their domains (ie. marketing) but not necessarily proficient with information technology or data analysis. The design must satisfy the needs of the users while providing a simple and context-dependent interface in order to be effective. This paper describes many of the human factors issues involved in creating executive dashboard systems and suggests some areas for hture research.
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THE EXECUTIVE DASHBOARD
Executive dashboards are systems that allow company executives to view key business facts, simultaneously providing holistic and detailed views that support effective decision making. Functionality can include completely configurable displays based on ERPconnected data warehouses and analytic modules, although they are often limited by the interconnectedness of a company's information infrastructure. Executive dashboards are intended to provide managers and executives with the business intelligence they need to benchmark and improve business processes, direct employees, increase organizational learning, and improve decision making to keep pace with or out-perform the competition (Gledhill, 2002) .
The benefits of using executive dashboards include early identification of problems and increased effectiveness in implementing business processes in operations, customer service and finance. Executives are thus able to identify organizational obstacles or deal with crises created by competition. Some executive dashboards allow managers to explore alternative scenarios to improve the quality of decision malung (Stevens, 1996) . For example, Tesco Direct determined that when a store's orders fall 15% below the volume for the same period the previous day, there might be a technical problem with the web site (Seybold, 2001) . It would be very beneficial to have a display that helps executives to recognize this situation and diagnose the cause and then supports the development of solutions.
executives focus on the specific data that is critical for each decision, thus improving the decision quality and perhaps providing long term learning (Vandenbosch and Higgins, 1995) . For example, the system can highlight the key data points that were previously effective in selecting the best response for a particular challenge.
As with traditional dashboards for automobiles and aircraft, executive dashboards are composed of several gauges that represent various aspects of the system to be managed. However, unlike typical dashboards, the decisions that must be supported are often more complex. Hung (2003) includes trend analysis and multi-dimensional analysis as typical capabilities of an executive dashboard; thus the interface must support integrating substantial quantities of data in complex ways. In order to support a considerable set of requirements, executive dashboards must be customizable for various types of users and tasks. Executives at the top of a corporate hierarchy often must integrate data from disparate functional areas (ie. marketing and manufacturing) when making typical decisions.
Current designs often have powerful data analysis functionality, but are not based on cognitive engineering principles, either regarding the information content that is provided, how this information is organized for the user, or the design of specific displays and navigation controls. They are often used by executives with a great Use of executive dashboards also can help deal of business knowledge, but perhaps very little experience with executive dashboards or other decisionsupport technologies (Hung, 2003) . Thus it is critical that the interface facilitates perception of what each gauge represents and how the represented data can or should be used. As with many technologies that are developed for business applications, the iterative design process has involved launching systems, measuring the market's response, and making changes to future versions based on the loudest complaints and demands. This paper provides a framework to guide both the development of executive dashboards to better support the needs of users and a roadmap for additional research that is needed to maximize the effectiveness of future executive dashboard designs.
EXECUTIVE DECISION MAKING
Sutcliffe and Weber (2003) provide a detailed analysis of the knowledge needed by executives and come to a distressing conclusion. Often, the cost of acquiring knowledge exceeds its value toward executive decision making. The implications of raw data are seldom obvious and need to be interpreted within the context of collection and possible uses. The authors find that the key requirement of information systems is to provide a clear and consistent framework from which the executive can create a schema of the environment. In fact, accuracy was less important than providing a structure that maximized the executives' ability to improvise and adjust quickly. Becoming "lost" in the raw data was worse than not having the data in the first place.
USER REQUIREMENTS
At the highest level, executive dashboards must be customizable for the variety of situations in which they are used. Executive dashboards are often used by internal officers on a regular basis to conduct their strategic and tactical decision making. They can also be used by outsiders such as directors, venture capitalists or bankers to analyze the company for auditing, investment and loan decisions. Maintaining fundamentally different system interfaces for these groups is critical both because they have different information needs and the company has the need to protect proprietary information. Ecological interface design (EID) methods should be used to identify the information requirements for each supported user group. St. Cyr and Burns (2002) report that EID improves the performance of operators when monitoring and controlling complex systems by supporting knowledge-based problem solving. Most decisions at this level should be knowledge based. The interface can guide the executive towards using a knowledge-based strategy and focus hindher on the appropriate sources that are most relevant.
The most frequent users of executive dashboards are company executives and upper-level managers. Executives from different domains will require different kinds of information at different times. Domains from which data may be needed include financial, customer, and operations. Within each of these domains, there are several types of data, including resources, system status and warnings. Resource data represent a measure of the amount of a particular resource that can be attributed to the company as a whole or a discrete subunit. System status data represent the current or historical states of a resource or process. Data can also be simplified and presented only as warnings. In this case, the actual data is not shown, but an indication that the measures have reached a noteworthy level is provided. This is helpful to reduce the complexity of the decision when precise figures are not needed. Higher level data can be calculated from the basic data to provide additional insights. Table 1 provides illustrations of each data type for the three major domains.
The presentation format of these data should be customized based on the user's specific task to support integration into the decision making process. Overbye et a1 (2002) concluded that the design of a display can affect the strategies that users exploit when using displays. For example, continuous data often have greater uncertainty and can lead to more complex decision making heuristics. Digital displays are superior for determining precise levels, but can result in large errors when errors are made (Hanson, 1995) . Continuous displays are superior for identifying general levels quickly with small errors. Discrete data are generally presented in digital form whereas continuous data can be presented either in digital or analog displays. Analog displays are critical when data sources are dynamic and trends must be considered. Overbye et a1 (2002) reports that digital displays are best for acknowledging specific levels of a display, whereas analog displays are better for analyzing the data in the display. Hansen (1995) suggests hybrid displays where a digital tag is added to an analog display to facilitate both analysis types.
The rate of change in the data can be important. Hanson (1 995) reports that when data changes quickly, historical displays are difficult to read. Determining an effective update cycle for fast changing data is critical. Hybrid displays that add a static digital readout to fastchanging graphical historical displays can reduce this difficulty.
Bennett and Flach (1 992) sensor, single indictor (SSSI) display that provides individual units of data directly from a source. For example, total daily sales of a particular product line could be displayed using a SSSI as a digital display that would be updated each day. The limitation of SSSI displays is that they provide data rather than information; it is left to the user to interpret the data. Other advantages and limitations are found with separable, configural and integral formats for integrating data sources together. Selecting the appropriate display type is critical to support effective use of the data. Another important issue regarding the design of the display is the salience of the variable being presented, defined here as the magnitude of the perceptual event stemming from a particular aspect of the display (Bennet and Flach, 1992) . A variety of techniques can be used in executive dashboards to create salience, such as brightness, size, auditory signals, or visual animation (see Figure 1) . If the executive dashboard is accessed through slower web connections, animation may not be feasible. Similarly, if mobile devices with small screens may be used, size should be avoided (see Figure 2) . Once the underlying model for designing each individual gauge has been determined, the need for historical context and/or trend analysis must be considered. Gerace and Gallimore (2001) found that providing context allowed users to complete tasks faster and with fewer drill down steps than when context was absent. In addition, users preferred having context available for review. However, this effect was found with only certain kinds of tasks, so additional research directly investigating context for ED displays is necessary.
aspects of each data source may improve decision
The capability to drill down to access more detailed making. Mechanisms for accessing and presenting historical data, data divided by geographic region, division, or product line may be necessary (see Figure  3) . Ecological interface design (ED) methods should be used to determine which data sources and what aspects of each source should be part of the decision. Various visualization strategies can be used to highlight the data that EID has predicted will be relevant or to help users scan quantities of data to fmd important components.
THE FUTURE
There is very little human factors research currently applied to the executive decision making domain. Many current decisions are focused on maximizing the availability of data, regardless of how these data contribute to the executive's comprehension of the external or internal environment. Additional investigation is required to determine how displays should be designed for business data. Sutcliffe and Weber (2003) identified six types of data that were directly related to superior business performance: volatility, growth trends, complexity, controllability, p0sitiveness;and magnitude of change. Growth and change have been investigated in other domains, but specifics regarding business data is unclear. And factors such as controllability and positiveness are completely new to the domain. Methods to present data that enhance the user's perspective on whether the source of data variability can be controlled or whether the results of these changes can be controlled in ways that are favorable to the performance of the organization need to be discovered.
Executives have also been identified as frequent intuitive decision makers (Bonabeau, 2003) . He suggests that this is often due to the natural pattern recognition capabilities of the human information processing system. However, in the complex environment of business decisions, intuition is frequently wrong. Premature commitment to a particular understanding of the environment narrows an executive's thinking and reduces the alternatives that will be considered. Displays can be designed to reduce the appearance of incorrect patterns and point executives towards additional data that may have been ignored.
The types of biases that are frequently made using executive dashboard displays need to be better enumerated and methods to better present such data need to be determined. 
